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I INTRODUCTION 

(* T h i s  r e p o r t  covers  t h e  second q u a r t e r  of work on a s tudy  of bond- 

ing" between g l a s s  and p l a s t i c  i n  g l a s s - r e in fo rced  p l a s t i c s .  

p r a c t i c e  i n  t h e  p repa ra t ion  of g lass - re inf  orced p l a s t i c s  i nc ludes  treat- 

ment of t h e  g l a s s  f i b e r s  ( o r  f a b r i c )  wi th  a 

or 

r e s u l t  is  supposedly due t o  the  formation of a n  Si-0-A l inkage  between 

t h e  g l a s s  s u r f a c e  (SiO) and the  f i n i s h i n g  agent  ( A ) ,  where A may be S i  

(as i n  commercial s i l a n e  f i n i s h e s )  or Cr (as i n  c e r t a i n  o t h e r  commercial 

f i n i s h e s )  . This  s tudy  concerns o the r  t y p e s  of "bonding" between organic  

phase and g l a s s  phase which do not r e l y  upon the h y d r o l y t i c a l l y  r e a c t i v e  

Si-0-A l inkage .  

Curren t  

11 f i n i s h "  t o  i n s u r e  adhesion 
( f  bonding" of the subsequent ly  app l i ed  p l a s t i c .  Such "bonding" as may 

I1 OBJECTIVE 

The o b j e c t i v e  of Phase I of t h i s  p r o j e c t  i s  t o  i n v e s t i g a t e  methods 

f o r  ha logenat ion  of a glass s u r f a c e ,  w i t h  fo rmat ion  of s i l i c o n - c h l o r i n e  

or s i l i con - f  l u o r i n e  bonds. 

I11 SUMMARY 

O t t a w a  sand,  sea sand (Merck),  and Eccospheres S-1 have been 

c h l o r i n a t e d  w i t h  phosgene t o  g ive  products  con ta in ing  up t o  51 micrograms 

of c h l o r i n e  per gram of s i l i ca .  The concen t r a t ion  of c h l o r i n e  has been 

s t u d i e d  as a f u n c t i o n  of temperature from 425OC t o  1025OC. 

pe ra tu re  f o r  r e a c t i o n  i s  about  45OOC. 

Optimum t e m -  

Based on c o n d i t i o n s  of r e a c t i o n  and of pos t - reac t ion  handl ing ,  as 

w e l l  as comparison of t h e  above d a t a  w i t h  t h e  r e s u l t s  of blank and c o n t r o l  

samples of q u a r t z  w e  are l ead  t o  b e l i e v e  that c h l o r i n e  is probably n o t  

p r e s e n t  as phys ica l ly  adsorbed atoms or molecules ,  and t h a t  a Si-C1 bond 

h a s  been formed. 19dTkfdR 
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I V  EXPERIMENTAL 

Materials 

O t t a w a  sand ,  sea sand (Merck) , and Eccospheres S-1 ( a  commercial, 

high p u r i t y ,  amorphous s i l i c a  which was crushed and screened t o  80 mesh 

and f i n e r )  were used i n  t h i s  work. 

was determined by  the  method of Nelson and Eggertsen. '  

involves  adso rp t ion  of n i t rogen  from a f lowing mixture  of n i t rogen  and 

helium. The va lues  found were: O t t a w a  sand ,  0.06 square  meters per 

gram; sea sand ,  0.08; and crushed Eccospheres S-1,  0.24. 

The s u r f a c e  area of these samples 

T h i s  method 

Phosgene w a s  used almost  exc lus ive ly  f o r  c h l o r i n a t i o n  of s i l i ca .  

A mixture of c h l o r i n e  and f i n e l y  d iv ided  carbon w a s  a l s o  e f f e c t i v e ,  bu t  

an imprac t i ca l  l eng th  of t i m e  was r equ i r ed  for t h e  l a r g e r  p a r t i c l e s  of 

carbon t o  r e a c t .  If these were not  removed by r e a c t i o n  they remained 

as an  undes i r ab le ,  i n sepa rab le  contaminant i n  t h e  f i n a l  product .  There- 

f o r e  work w i t h  carbon was d iscont inued  when i t  w a s  found t h a t  phosgene 

w a s  e f f e c t i v e .  

A D D a r a  t u s  

A f l u i d i z e d  bed r e a c t o r ,  descr ibed i n  Q u a r t e r l y  Report  No. I ,  w a s  

A t  h ighe r  tempera tures ,  t h i s  used f o r  i n i t i a l  work up t o  about 60OoC. 

r e a c t o r  c o l l a p s e d ,  appa ren t ly  a t  t he  r i n g  seal  which supported s i n t e r e d  

q u a r t z  d i s c .  

A new r e a c t o r  des ign  f o r  ca r ry ing  o u t  t hese  r e a c t i o n s  i s  shown i n  

F i g .  1. The appa ra tus  w a s  mounted on t h e  a r m  of a shaker  appara tus .  

Shaking for a very  s h o r t  period r e s u l t e d  i n  a s low,  but  thorough, c i r -  

c u l a t i o n  of the  f i n e l y  d iv ided  charge of s i l i c a .  The r e a c t a n t  chamber 

w a s  hea ted  w i t h  a h e a t i n g  t ape  f o r  some of t h e  low temperature  r u n s ,  

w i t h  a gas -a i r  f lame f o r  t he  o the r  low and the  in t e rmed ia t e  temperature  

r u n s ,  and w i t h  a gas-oxygen flame f o r  h igh  temperature  (800-10OO0C) runs.  
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Temperature i n  the  c i r c u l a t i n g  bed w a s  measured w i t h  a Chromel-Alumel 

thermocouple and a k e d s  and Northrup potent iometer .  Reactant  gas  

( phosgene) w a s  measured w i t h  a F ischer -Por te r  s apph i re -ba l l  f low meter, 

and admi t ted  through a Tygon, or n a t u r a l  rubber  tub ing  connec t ion .  E x i t  

gases  were vented t o  a d ry  ice-cooled t r a p ,  and thence t o  a fume hood. 

The only  d i f f i c u l t y  i n  the  ope ra t ion  of t h i s  r e a c t o r  w a s  t h e  non- 

uniform temperature  d i s t r i b u t i o n  through t h e  sample a t  high temperatures. 

This  d i f f i c u l t y  has not  y e t  been r e so lved ,  but  a t  p re sen t  there is  no 

urgent  need t o  do  so. 

Experiment a 1 Procedure 

A weighed q u a n t i t y  of s i l i c a  ( 5  t o  30 g) w a s  p laced i n  t h e  q u a r t z  

r e a c t o r ,  t h e  r e a c t o r  mounted on t h e  shaker  arm, and t h e  r e a c t a n t  i n l e t  

and vent  tubes  connected. A s  commercial high p u r i t y  n i t rogen  (99.99$, 

dew point-85'C.) w a s  s lowly f l u s h e d  through the a p p a r a t u s ,  t h e  sample 

was raised t o  the  d e s i r e d  r e a c t i o n  temperature .  These cond i t ions  w e r e  

maintained f o r  one hour ,  t o  remove v o l a t i l e  i m p u r i t i e s ,  and the  n i t rogen  

w a s  rep laced  by phosgene, a t  a flow rate of 15 m l  per minute.  

The temperature  and flow r a t e  of phosgene were maintained f o r  2 t o  4 

hour s ,  t he  phosgene w a s  rep laced  by n i t r o g e n ,  and t h e  r e a c t i o n  product 

w a s  f l u s h e d ,  a t  t h e  temperature  of the  r e a c t i o n ,  f o r  one-half hour.  

Heat ing w a s  d i scont inued  and the product allowed t o  c o o l  under t h e  flow- 

i n g  stream of n i t rogen .  The product w a s  then g iven  a pos t - r eac t ion  t reat-  

ment i n  a vacuum oven a t  l l O o ,  a t  a pressure  less than 5 mm Hg, and f o r  

a t  least 16 hours .  This  pos t - reac t ion  t rea tment  w a s  intended t o  remove 

c h l o r i n e  t h a t  w a s  phys i ca l ly  adsorbed. 

Anal  y t i c a l  

Chlor ina ted  s i l i c a  samples were analyzed by  l each ing  a weighed 

sample (2-5 g) w i t h  de ionized  water, and determining c h l o r i d e  concen t r a t ion  
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on a n  a l i q u o t  of t he  s o l u t i o n  w i t h  a micro-coulometric c e l l  u s ing  a 

s i l v e r  metal anode. The va lues  r epor t ed  as micrograms of c h l o r i n e  per 

gram of s i l i c a  are c o r r e c t e d  f o r  the traces of c h l o r i d e  found i n  the 

deionized water. 

samples of t he  materials. A n a l y t i c a l  r e s u l t s  are shown i n  Table  I .  

Blank de termina t ions  were a l s o  run on u n t r e a t e d  ( c o n t r o l )  

Mate r i  a1 

Ch lo r ina t ed  
O t t a w a  sand ,  
treated w i t h  

bromide 

Con t ro l  

1-naphthylmagnesium 

Blank 

React ions of Chlor ina ted  S i l i c a  

E x c i t i n g  
Wave Length 

( w 
390 
3 90 
2 10 
2 10 

390 
390 
2 10 
2 10 

390 
390 
2 10 
2 10 

A sample of c h l o r i n a t e d  O t t a w a  sand (2L8 bg Cl/g sand) was t r e a t e d  

w i t h  1-naphthylmagnesium bromide. A t  t h e  same time, a sample of the non- 

c h l o r i n a t e d  sand w a s  t r e a t e d  w i t h  t he  Grignard reagent  i n  the same manner, 

as a c o n t r o l ,  The two samples were washed thoroughly t o  remove a l l  s o l u b l e  

organic  materials. They were then d r i e d  a t  1-2 mm H g ,  and ambient t e m -  

p e r a t u r e ,  t o  sublime away adsorbed naphthalene.  

42 
57 
67 

I 78 

The f luo rescence  of t h e  experimental  sample was g r e a t e r  v i s i b l y ,  

than t h e  c o n t r o l  sample,  when i l l umina ted  w i t h  l i g h t  of 3660 or 2537 

microns.  

measured on an  Aminco-Bowman spec t ro f luo romete r ) ,  of the  c o n t r o l ,  and 

of a blank ( n o  t rea tment )  a r e  shown i n  Table  11. 

The r e l a t i v e  f luo rescence  of t h e  exper imenta l  sample ( a s  

Table I1 

Fluorescence ,of Naphthalene-Modif i e d  Q u a r t z  

Fluorescence 
Wave Length R e  l a  t i v e  

F luorescence  
( w 

550 
525 
55 0 
525 

550 
525 
550 
525 

10 
12 
26 
27 

550 
525 
550 
525 

4 
5 

18 
18 

5. 
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V DISCUSSION 

The chor ina t ion  of s i l i ca  wi th  phosgene appears  t o  be s t r o n g l y  

a f f e c t e d  by tempera ture ,  as shown by Table  I ,  w i t h  a maximum value  of 

23.6 micrograms of c h l o r i n e  per gram of O t t a w a  sand a t  525OC. 

va lue  drops c o n s i s t e n t l y ,  and f a i r l y  r ep roduc ib ly ,  w i th  i n c r e a s i n g  t e m -  

p e r a t u r e  , t he  h i g h e s t  temperatures  ( 1020-103OOC) , g i v i n g  t h e  lowest 

va lues  (0.4-1.0 jJg Cl/g sand) .  

This  

That t h e  background (or r e s i d u a l  ch lo r ide )  found on t h e  sand does 

no t  c o n t r i b u t e  apprec i ab ly  t o  t h e  observed c h l o r i d e  con ten t  i s  shown 

by t h e  f o u r  runs from notebook pages 26-28. Here, a l s o ,  t h e  amount of 

c h l o r i d e  w a s  found t o  be least a t  t h e  h i g h e s t  temperature ,  i n d i c a t i n g  

t h a t  t he  very high temperatures  r e s u l t  i n  " s t r ipp ing"  r e s i d u a l  c h l o r i d e  

from the  sample. 

This  conclus ion  is  supported by the  two runs  from pages 35 and 37. 

The c h l o r i n a t i o n  r e a c t i o n  w a s  run a t  525OC, which should have r e s u l t e d  

i n  a c h l o r i n e  c o n t e n t  of 15-25 vg Cl/g sand. Following t h i s  r e a c t i o n ,  

however, t h e  samples were purged w i t h  n i t r o g e n  f o r  two hours a t  1020 and 

8OO0C r e s p e c t i v e l y .  This  t reatment  reduced t h e  c h l o r i n e  c o n t e n t  t o  

e s s e n t i a l l y  t h a t  of any o t h e r  samples run  a t  those  temperatures .  The 

amount of w h i t e ,  ch lor ine-conta in ing  condensate  i n  the  vent  t r a p  w a s  

a l s o  observed t o  be g r e a t e s t  a t  800-1000°C and least  a t  400-500°C. 

The pos t - r eac t ion  t rea tment  a t  low p res su re  and l l O ° C  f o r  s e v e r a l  

hours  was adequate  t o  completely desorb  any c h l o r i n e ,  phosgene, HC1,  

e t c . ,  which may have been phys ica l ly  adsorbed on the  su r face .  There- 

f o r e ,  i t  is  a reasonable  conclus ion  t h a t  t he  c h l o r i n e  found on t h e  

samples i s  a t t a c h e d  through a chemical bonding, or, a t  l ea s t ,  a chemi- 

s o r p t i o n  process .  
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Using the  d a t a  from Table I ,  p 29, of 18.3 pg C 1  per gram of sand 

one may c a l c u l a t e  t h e  "population" of c h l o r i n e  per u n i t  s u r f a c e  a r e a .  

18.3 Jlg of c h l o r i n e  (a tomic  weight 35.46) i s  about 0.5 microgram atoms 

of c h l o r i n e ,  or, 0.5 x x 6 . 0  x atoms of c h l o r i n e .  These are 

d i s t r i b u t e d  over an area of 0.06 square meters, ( a s  found f o r  O t t a w a  

s a n d ) .  

i s  : 

0 

Since  one meter i s  lo1' Angstrom u n i t s  ( A )  , t he  C 1  populat ion 

0.5 x micrograms-atoms C 1  x 6 .0  x atoms/gram-atom 
0.06 meters2 x (10" A / m e t e r ) 2  

5 x lo'' x 6 x 
6 x lom2 x 10,' 

- - 

= 5 atoms of c h l o r i n e  per 100 square Angstroms. 

Fo r  comparison, t he  van d e r  Waal's r a d i u s  of t he  c h l o r i n e  atom 
a 

is 1.8 A 3 .  

FUTURE WORK 

Future  work w i l l  p lace  emphasis upon t h e  a n t i c i p a t e d  r e a c t i o n s  w i t h  

f l u o r i n a t i n g  agen t s  i n s t e a d  of c h l o r i n a t i n g  agen t s .  Boron t r i f  l uo r ide  

w i l l  be used i n  i n i t i a l  f l u o r i n a t i o n  experiments .  

Proof of t h e  s t a t e  of combination of t h e  halogen atoms bound t o  

s i l i c a  w i l l  a l s o  r ece ive  increased  a t t e n t i o n .  To t h i s  end the  use of 

very  f i n e l y  d iv ided  s i l i c a  w i l l  p e r m i t ,  hope fu l ly ,  i d e n t i f i c a t i o n  of 

adsorbed vs chemisorbed molecules by i n f r a r e d  abso rp t ion  measurements. 

I n  t h e  case  of f l u o r i n e ,  NMR ( n u c l e a r  magnetic resonance) s p e c t r a  may 

show the  d i f f e r e n c e  between a t r u e  Si-F bond and another  f l u o r i d e  

(BF, , €IF, etc) adsorbed on SiO, . 
upon t h e  r e s o l u t i o n  one may o b t a i n  from molecules adsorbed on a so l id  

of extremely f i n e  p a r t i c l e  s i z e .  

The use fu lness  of NMR w i l l  depend 

Respec t fu l ly  submi t ted ,  

DLC:aeb Senior  Organic Chemist 
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